This lack of data may be related to the fact that evaluation of the energy releasing processes in swimming is difficult to perform in most exercise physiology laboratories. However, new methods have been developed which allow the determination of VO2 and blood lactate concentration in response to different swimuning velocities with the collection of expired air and blood samples in the recovery period'3' . These methods present the advantage of estimating the contribution of anaerobic and aerobic processes at submaximal and maximal intensities while swimuing, and relating these findings to training intensities'0' 15. Thus, the present study was conducted to evaluate the capacity of metabolic indices derived from these new methods to predict the performance in the 400 metres swimming event.
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The results indicate that some of these factors may be important determinants of middle distance swimming performance.
Method
Fifteen competitive swimmers participated in the study. Their physical characteristics are described in Table 1 . They were participating in intense physical training, they were all used to swimming the 400 metres freestyle swimming event, but not all of them were specialists in such an event. The athletes were informed about the risks involved in the participation in the experiments and signed an informed consent. In the first trial the athletes were asked to swim at a constant velocity in order to achieve 90 percent of their maximal velocity for the event. On the second trial the swimmers were asked to achieve their best time for the event. The subjects who could not achieve these goals came back on another day to swim at the appropriate velocities. During the recovery period of each trial, expired gas and blood samples were collected to evaluate the metabolic indices.
One stroke before the end of the events, the swimmers retained their breath, exhaling the air in a three-way respiratory mask as soon as the operator put it on their faces" . The face mask was connected by a short tube to a Douglas bag. The expired gas was collected over the first 20 Figure 1 illustrates this procedure for two of the swimmers. Twenty microlitre arterialized blood samples were collected from the ear lobe immediately before the events and at one, three and five minutes in the recovery period for later analysis in duplicate by a modified enzymatic method2. The samples were deproteinized in 200 microlitres of perchloric acid and centrifuged for five minutes at 12 000 rpm. Fifty microlitres of the supernatant were pipetted in 500 microlitres of a glycine hydrazide buffer solution, 50 microlitres of a NAD solution, and five microlitres of a lactate dehydrogenase solution. The assay was incubated for 60 minutes at 25 degrees centigrade, and the absorbance was read in a spectrophotometer at 364 nm. In our laboratory, the coefficient of variation for two samples is 4.5 percent for resting The velocity corresponding to 85 percent of V02 max was shown to be highly correlated to swimming performance in the 400 metres freestyle swimming event. Thus, performance in such an event does not depend directly on the swimmer's V02 max, but on the capacity to achieve higher velocities less taxing on his aerobic reserve. An illustration of the importance of submaximal exercise capacity is shown in Figure 1 Although the methods used in the present experiments had been previously validated'-'5, they have important limitations. The interpolation and extrapolation of the oxygen uptake curves are based on the assumption that, around the intensities studied, there is a linear relation between VO2 and swimming velocity, but V02 increases curvilinearly with swimming velocity9. Moreover, the method also assumes that there is no plateau in V02 dose to V02 max. Likewise, the blood lactate concentration increases exponentially to increments in swimming velocity'4. However, all our swimmers were studied at intensities above 75 percent of their V02 max, which resulted in blood lactate concentration higher than 3mM, above the point where the most inclined deflections occur in the VO2 and blood lactate curves9"14. Thus, an assumption was made that the response was linear at those intensities for interpolation or extrapolation. These limitations indicate that future studies should evaluate a larger number of submaximal swimming velocities.
Another important limitation, which has not been considered in previous studies on the relationship between metabolic indices and maximal perform-ance, is the possibility of mathematical coupling between the independent and dependent variables This occurs when part of a relationship between the variables can be explained by a direct or indirect mathematical relationship. In this study, as well as in previous ones3'7 '8, 11 , metabolic indices were expressed as the swimming velocity (or running velocity) at which the index was measured. Since the dependent variable is also expressed as the certain velocity, it is expected that the athlete who had the higher maximal velocity would also reach a certain metabolic index at a higher submaximal velocity. These comments, however, do not invalidate our findings or the conclusions of previous studies, but one should be aware that some of the relationships may be overestimated because of mathematical coupling25.
Conclusion
The present study demonstrates that 79 
